Presence of free radicals in intracameral agents commonly used during cataract surgery Abstract/Summary:
Background:
Free radicals are known to cause cellular damage and are present in ophthalmic preparations.
Corneal defence mechanisms are bypassed in intra-ocular surgery. We evaluated commonly used intracameral agents to ascertain the presence of free radicals and investigate the possibility of anterior segment and endothelial toxicity.
Methods:
Samples of 19 commonly used intracameral preparations were analysed for total free radical presence on an Instrument Laboratory IL600 using a Randox Kit for Total Antioxidant Status (RANDOX Laboratories Ltd, Crumlin, UK).
Results:
Free radical concentrations for these 19 intracameral agents ranged from 0 -3.59 mmol/l, with median value of 0.34 mmol/l (mean value of 0.933 mmol/l, S.D. 1.19) . Phenylephrine had the highest presence of free radicals, which were considerably higher than those for 0.5% hydrogen peroxide at all tested dilutions. Other notable results included Cefuroxime (0.61 mmol/l), 2% undiluted Lidocaine (0.34 mmol/l) and Bevacizumab (0.59 mmol/l).
Conclusion:
The results indicate that free radicals are present in intracameral surgical agents and some are in the order of 0.5% hydrogen peroxide. The risks of endothelial damage must be considered when using multiple intracameral preparations in complicated cataract surgery. Free radicals in intracameral preparations may be a contributing cause in cases of Toxic Anterior Segment Syndrome.
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Introduction:
Preservatives in ophthalmic medications have been implicated in oxidative stress that contributes to ocular surface disorders, demonstrated in glaucoma patients on long-term topical medication. 1 Cytotoxicity to the conjunctiva, corneal epithelium and endothelium decreases in the absence of preservatives, leading to the development of less cytotoxic, preservative-free preparations. 2 However, preservatives are not the sole contributing factor to ocular surface damage. Free radicals have been shown to be present in similar quantities in both preservative and preservative-free topical ophthalmic preparations. 3 These free radicals have the potential to be toxic to the corneal and conjunctival epithelium. 4 The ocular surface is normally protected by the healthy tear film, containing components such as lactoferrin, aldehyde dehydrogenase, superoxide dismutase and glutathione. 5, 6 This combined protective barrier is breeched by intra-ocular surgery during which the intracameral route is increasingly used for a variety of agents. To investigate the possibility of anterior segment and endothelial toxicity from these agents we evaluated the intracameral agents commonly used in cataract surgery for the presence of free radicals.
Methods:
Samples of commonly used intracameral preparations were analysed for total free radical presence on an Instrument Laboratory IL600 using a Randox Kit for Total Antioxidant 
Results:
Free radical concentrations for these 19 intracameral agents ranged from 0 -3.59 mmol/l, with median value of 0.34 mmol/l (mean value of 0.933 mmol/l, S.D. 1.19).
Phenylephrine had the highest concentration of free radicals, which reduced with 1:1 and 1:3 dilutions. These levels were considerably higher than those for 0.5% hydrogen peroxide [See Figure 2 and box plot in Figure 3 ]
The intracameral route is increasingly utilised in cataract surgery for drug delivery.
Anaesthetic agents are routinely used to supplement topical anaesthesia and reduce the discomfort from iris movement during phaco-emulsification. 7 The routine use of an intracameral antibiotic such as cefuroxime for endophthalmitis prophylaxis is becoming more common across Europe following the publication of the ESCRS study. 8 The intracameral route is also used to improve surgical conditions in more technically difficult cases. This includes enhancing pupillary dilation with phenylephrine, visualisation of the capsule with stains such as trypan blue, or triamcinolone for identifying vitreous strands, and
Miochol to cause pupil constriction at the end of surgery. Some of these products are diluted by the theatre staff at the time of cataract surgery, and concerns have been raised regarding the methods used and the resultant accuracy of concentration. 9, 10 There is a reasonable body of evidence regarding the impact of these agents on the corneal endothelium. Borazan et al investigated the effect of local anaesthetic agents such as preservative-free lidocaine hydrochloride 2%, ropivacaine 1%, and levobupivacaine 0.75% in the rabbit cornea, and found significant apoptotic endothelial cell loss and degenerative changes. 11 Although the induced apoptosis was temporary and recovered in 7 days, they raised concerns regarding permanent cell loss in the human corneal endothelium. Yoeruek et al investigated the in vitro effects of vancomycin and cefuroxime on human endothelial cells and found a reduction in cell viability in a dose dependent manner, leading to cell death at the higher concentrations.
12
The endothelium is protected during cataract surgery by the use of viscoelastic devices (OVD), cohesive or dispersive substances mainly derived from sodium hyaluronate. 13 They have been shown to act as free radical scavengers. 14, 15 Free radicals are known to be generated throughout phaco-emulsification. [16] [17] [18] Reductions in the irrigation/aspiration settings have been shown to alter free radical production. 15 Total ultrasound energy has been shown to contribute to endothelial cell loss in cataract surgery, and free radicals induced by ultrasound oscillation can cause corneal endothelial damage. 18, 19 The OVD should act to protect the endothelium during these stages, but their effectiveness in suppressing free radicals is dependent on their retention in the anterior chamber. 16 It should be noted that the intracameral agents we studied are often used before insertion or after removal of such protective OVDs.
To our knowledge this is the first study to measure the levels of free radicals present in the intracameral products commonly used during cataract surgery. Our overall results were not dependent on whether the product contained preservatives or not. The excipients detailed in our results table probably contribute to these measurements, and are necessary for effective drug delivery.
A surgeon performing complicated cataract surgery could be expected to utilise many of these agents during a single operation. The accumulative total of free radicals from using intracameral 2.5% Phenylephrine (1:1 dilution), 2% Lidocaine (1:1 dilution), Miochol, and Cefuroxime is 2.88mmol/l, which is more than twice the result for 0.5% hydrogen peroxide.
All the agents used in this example would be introduced into the anterior segment without OVD protecting the endothelium.
It has been our clinical observation that the use of an intracameral agent during routine cataract surgery can instantly affect the corneal clarity and intraocular view. This is often temporary, consistent with a transient dysfunction of the endothelial pump mechanism. It is possible the endothelial function is being partially compromised by the intracameral surgical agents. This is unlikely to be of long term significance in the healthy cornea, but warrants consideration in patients with endothelial disease, such as Fuchs' Endothelial Dystrophy.
There is also increasing evidence that the endothelium of diabetic patients is compromised compared to normal controls, which is significant as diabetics have a higher rate of cataracts than the normal population. 20 Agents can be introduced in a more diluted form by addition to the irrigation fluid, for example adrenaline to improve pupillary dilatation. 21 Some surgeons may believe this route to be a safer alternative. The use of intracameral epinephrine has been reported to be toxic to the endothelium, especially during procedures when minimal irrigating solution is used, such as IOL repositioning. 22 The irrigating fluid may also be used for antibiotic delivery by surgeons who have concerns regarding the accuracy and safety of an intracameral antibiotic bolus. 9, 10, 23 Studies have evaluated the benefit of adding free radical scavengers to the irrigation solutions. Addition of ascorbic acid was shown to reduce the amount of endothelial cell loss during phaco-emulsification by 70% in rabbit eyes. 24 In essence, the literature indicates that 2 main factors correlate to the extent of potential damage to endothelial cells of the cornea. These are the exposure amount and the exposure time of intracameral agents which contain or generate oxidising stress from free radicals. By reducing these 2 variables, the accumulative amount of free radical assault to the tissue should be minimised. The presence of free radicals identified in this study warrants consideration by surgeons to minimise endothelium damage by having a minimalistic approach to intracameral adjuncts. This is particularly relevant for patients with compromised and vulnerable corneas. oxidized metal deposits and residues, and factors related to intraocular lenses such as residues from polishing or sterilizing compounds." We wonder if high levels of free radicals from accumulative intracameral agents and the interaction of these intraocular solutions may be a contributing factor.
Limitations
The Randox TAS kit indirectly measures the presence of free radicals by addition or inhibition of antioxidant, generation of a 2 reagent assay and analysis by colorimetry. The specific free radical responsible for depletion is not identifiable from this method. Our study was also limited by the method of assay as we were unable to evaluate coloured products such as capsular stains (Trypan Blue) or vitreal stains such as the opaque Triamcinolone suspension. We acknowledge that this is a cell free study, and so may not provide direct correlation to physiological conditions in human corneal endothelial cells. The excipients in the products may influence the measurements, however, these same excipients are still being used intracamerally, and so the magnitude of their results warrants consideration.
Conclusion:
We have shown that free radicals are present in commonly used intracameral ophthalmic preparations and some are in the order of 0.5% hydrogen peroxide. The potential for endothelial damage from free radicals should lead the surgeon to consider the need for these additional surgical agents carefully, particularly in patients with already compromised corneas. 4 More research is required to further investigate this interesting field, which would benefit from in vivo studies correlating endothelial cell tissue culture observations with free radical concentrations from intracameral agents.
The accumulative presence of free radicals also warrants consideration as a contributing cause to cases of Toxic Anterior Segment Syndrome.
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Legend:
Figure 1: Table showing total results for presence of free radicals in commonly used intracameral agents for cataract surgery and formal product information/trademarks. 
